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Abstract
Background: A study was carried out in a village of the mainland region of Equatorial Guinea in order to
ascertain a) which members of Anopheles gambiae complex could be involved in malaria transmission and
b) the rate of infectivity for Anopheles melas comparing two different methods, a PCR able to detect
sporozoite-DNA and an immunochromatographic assay MPR (Malaria Rapid Dipstick Panel Assay).
Methods: Mosquitoes were sampled at night by indoor captures in two houses of a coastal village in
Equatorial Guinea (Ayantang). Collected mosquitoes were identified as An. gambiae s.l. These were
individually dried into silica-gel. The head-thorax of the An. gambiae s.l. mosquitoes were analysed by PCR
to verify that the species was of the gambiae complex. Individual head-thorax and pools (5 pools) of
homogenized mosquitoes employed in Malaria Rapid Panel assay (MRP assay) were lysed and DNA was
extracted. PCR was designed from the 753 base pair insert of pBRKl-14 and DNA was amplified. The
relationship between dipstick and PCR to detect Plasmodium falciparum sporozoites was measured in
terms of sensitivity, specificity and test association (Cohen's kappa value).
Results: Two hundred and sixty-four An. gambiae s.l. females were studied (214 individually and five pools
with 10 mosquitoes in each). PCR analysis showed that 207 mosquitoes were An. melas, 3 An. gambiae s.s.
and 4 could not be identified. By using PCR as the gold standard method when dipstick assay was
compared, matching results were obtained for 6 mosquitoes and, in one case MRP was positive while PCR
was not reactive. MRP assay showed a low sensitivity (3.3%) when compared with falciparum-DNA
detection (17,7% and 14,3%, series A and B respectively). Agreement between the two test formats was
low (κ = 0,224).
Conclusion: It was determined that An. melas is the main anopheline vector involved in malaria
transmission in Ayantang, a coastal village in mainland Equatorial Guinea. A comparison of PCR and Vec-
Test Assay®, concluded that the PCR method proved to be a more sensitive and useful tool than the
dipstick assay to determine the malarial infection rate in mosquitoes in an area of stable and high malaria
transmission like Equatorial Guinea.
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Background
Anopheles gambiae s.l. and Anopheles funestus are consid-
ered the main malaria vectors in the African-equatorial
region [1,2]. Both species are also involved in malaria
transmission in Equatorial Guinea [3]. Malaria is hyper-
endemic throughout Equatorial Guinea and one of the
three main causes of morbidity and mortality [4]. Previ-
ous taxonomic surveys carried out on Equatorial Guinea
(Bioko, 3° 43' N, 8° 43' E; and Bata, mainland region, 1°
51' N, 9° 46' E) revealed the presence of five anopheline
species: An. gambiae s.l., An. funestus, Anopheles lloreti,
Anopheles cinctus and Anopheles smithi [5,6]. The An. gam-
biae complex in Africa includes two species that breed in
salt water (Anopheles melas in West Africa and Anopheles
merus in East Africa) and three species which breed in
freshwater (An gambiae, Anopheles arabiensis and An. quad-
riannulatus). A sixth member, Anopheles bwambae was
described in the Semliki forest of Uganda and associated
with water with a high mineral content [7].
On the other hand, to establish efficient control cam-
paign, it is important to take into account local parame-
ters of malaria epidemiology (sporozoite rates,
entomological inoculation rate, parasitological parame-
ters, etc) [8].
Traditionally, sporozoite rate in mosquitoes was assessed
by dissection of the salivary glands of individual mosqui-
toes, but this is laborious [9]. In recent years different spo-
rozoite detection methods have been used: serological
(e.g. ELISA or immunochromatographic assay) [8,10,11]
and molecular techniques (e.g. PCR and RAPD) [12].
Previously, a rapid method was used to determine Plasmo-
dium in anophelines, with no need for special storage con-
ditions. The malaria rapid panel (MRP) dipstick uses
equivalent species-specific Mabs (monoclonal antibod-
ies) as the enzyme-linked immunosorvent assay (ELISA)
to detect parasite circumsporozoite protein (CSP) [13,14].
In recent years, the polymerase chain reaction (PCR) has
been used to amplify specific DNA sequences of P. falci-
parum for highly sensitive detection of the parasites in
mosquitoes. It employs a set of primers derived from
repetitive DNA sequences [12]. The PCR procedure can
detect as few as 10 sporozoites in salivary glands (0,2 pg
of parasite DNA) and is, therefore, an useful tool for
screening small numbers of anophelines [15].
The objectives of this study were: a) to determine the
anopheline species involved in malaria transmission, in a
coastal village of mainland Equatorial Guinea and b) to
assess the sensitivity and specificity of a MRP immuno-
chromatographic assay in parallel with a PCR detection of
P. falciparum in wild anophelines collected in the same
village.
Material and Methods
Study area and station of capture
Equatorial Guinea is a small country located in the west-
ern coast of Central Africa, in the Gulf of Guinea (N 1° –
3° 47' E 5° – 11° 30'). Its overall area of 28.068 km2 is
divided into an island and a continental region. The Bioko
island (in the Gulf of Guinea), Annobón (south of the
Republic of Sao Tomé and Príncipe) and some smaller
islands closer to the coast (Corisco, Elobey Grande and
Elobey Chico) represent the island regions, with a total
surface of 2.051 km2. The mainland region, called Rio
Muni, is located between Gabon and Cameroon, giving
the country a total area of 26.017 km2.
Samples were taken during November 2001 and March–
April 2002, in the coastal village of Ayantang (N 01°
43.927' E 009° 40.917'), 20 km from Bata, capital of the
mainland region (see Figure 1). An. gambiae s.l. was the
main vector collected and An. moucheti moucheti plays a
minor role as malaria vector in this village. All anopheline
vectors from An. gambiae s.l. were included in this study.
Mosquito collection
The samples were caught at night (19:00 to 6:00) in two
houses of the village, by using CDC light-traps. People liv-
ing in these houses were protected with non-impregnated
bed-nets. Traps were attended daily and the collected
mosquitoes were kept at ambient temperature, fed a 5%
glucose solution on cotton wool and transported to the
laboratory. Collected mosquitoes were identified using
the key described by Hervy et al. [16] and then individu-
ally dried on silica-gel.
Differentiation of gambiae complex by PCR
The head-thorax of the An. gambiae s.l. mosquitoes were
analysed by PCR to identify the species within the gam-
biae complex. PCR was carried out following a slightly
modified version (in the "master mix" and the times of
the amplification programme) of the protocol described
by Scott et al. [17]. DNA of An. melas, An. gambiae s.s., An
arabiensis, An quadriannulatus were used as positive con-
trols. Sterilized water in the master mix was used for neg-
ative controls.
MRP Dipstick Assay
Two lots of Vec-Test™ kits were used; Serie A (Lot n°
10001) and Serie B (Lot n° 070.102) containing 25 test
strips of the Plasmodium CSP panel, supplied by the man-
ufacturer (Medical Analysis Systems, Camarillo, CA,
USA). Monoclonal antibodies against the CSP of P. falci-
parum (2A10 produced by New York University), P. vivax
variant 210 (NVS3 produced by the U.S. Naval Medical
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Research Center) and P. vivax variant 247 (2E10 produced
by New York University) were incorporated into each
MRP dipstick. The Mabs were immobilized in the test
zone of the dipstick and combined with a gold sol particle
label [18] to detect the species-specific proteins for P.
falciparum, and the two Plasmodium vivax polymorphs.
Two readers examined dipsticks 15 minutes after immer-
sion into the ground mosquito suspension. A test was
interpreted as positive when at least two lines appeared on
the strip and as negative if only the control line was
present. Strips were also examined one month after testing
to note retention of bands [14].
Detection of P. falciparum by PCR: preparation of 
samples, and DNA amplification
Homogenized samples of individual head-thorax and
pools (5 pools) employed in MRP assay were lysed and
DNA extracted by using the Bender Lysis Buffer method.
PCR was designed from the 753 base pair insert of pBRKl-
14 reported by Fucharoen et al. [12]. DNA amplification
was performed following the protocol reported by Tas-
sanakajon et al. 1993 [15]. Falciparum DNA used as pos-
itive control was obtained from strain 3D7 P. falciparum
culture in vitro in the National Centre of Microbiology in
Madrid. Three different DNA extractions were carried out
from each mosquito sample (head-thorax). A mosquito
sample was determined positive when the 206 bp frag-
ment appeared in the three repeated process of amplifica-
tion (three per head-thorax sample). The size of the
amplified fragments was measured by MultiAnalyst Soft-
ware – Gel Doc 1000 (BioRad®) (SE = ±15–20 bp) from
2% agarose gel electrophoresis stained with ethidium bro-
mide. Sizes (base pairs) were calculated in accordance
with their mobility relative to molecular size standards
run on the gel.
Map of the two regions of Equatorial Guinea, Island of Bioko and mainland region of Río Muni with the village (Ayantang), where the ent mological study was carried outFigure 1
Map of the two regions of Equatorial Guinea, Island of Bioko and mainland region of Río Muni with the village (Ayantang), 
where the entomological study was carried out
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Statistical analysis
The PCR was considered the reference method of choice
or "gold standard" to determine reliability and test predic-
tive value for the detection of native CSP from wild-caught
anopheline mosquitoes. The relationships between dip-
stick and presence of infected mosquitoes was measured
in terms of sensitivity (the proportion of mosquitoes that
were PCR sporozoite-reactive with a positive dipstick),
specificity (the proportion of mosquitoes that were PCR,
sporozoite non-reactive with a negative dipstick) and a
measure of test association (Cohen's kappa value). This is
the probability of sporozoite infection given the dipstick
results and provided the predictive value or discriminat-
ing power for both, positive and negative tests respectively
[19].
Results
Differentiation of Anopheline mosquitoes
A total of two hundred and sixty-four female anophelines
were studied, identified by entomological key as An. gam-
biae s.l., 214 individually and five pools with 10 mosqui-
toes each.
Analysis by PCR showed that 207 mosquitoes were An.
melas, 3 An. gambiae s.s. and 4 could not be identified (see
Figure 2).
Falciparum-infection rate in mosquitoes
In both series of MRP dipstick assay, P. vivax CS antigen
was not detected in any mosquitoes studied individually,
confirming the expected results in the central-west African
area (indigenous population without the Duffy receptor
necessary for P. vivax invasion) and P. falciparum was
detected in seven mosquitoes, giving a sporozoite preva-
lence of 3.27% by this diagnostic method. The PCR tech-
nique detected 38 falciparum infective mosquitoes (see
Figure 3), a sporozoite prevalence of 17,75% (see Table
1). P. falciparum was only detected in An. melas.
Sensitivity and Specificity
PCR and dipstick assays showed concordant results for 6
mosquitoes (true positives) and, in one case, MRP was
positive while PCR resulted not reactive (false positive).
However, thirty-two mosquitoes were PCR positive and
MRP negative (false negatives) (see Table 2). Taking into
account that the PCR falciparum-diagnostic was consid-
ered the reference method of choice, the MRP assay
presented a low sensitivity for falciparum-sporozoites
detection (17,7% and 14,3%, series A and B respectively).
On the other hand, the specificities were 100% and 99%,
owing to the high number of true negative test strips.
The predictive positive value of the dipstick in both tests
series was high (100% and 75,1%, series A and B respec-
tively), because of a low number of false positive strips.
Likewise, the predictive negative value of the dipstick was
high (85,4% and 83,9%), due to the high number of true
negative strips in spite of a relative high number of false
negatives in both series (see Table 2). The agreement
between the two test formats was low (κ = 0,224).
From the five anopheline pools tested with MRP dipstick
assay, three positives were clearly observed. No mosquito
pools resulted positive repeatedly in confirmatory testing
using PCR, despite having made numerous dilutions of
DNA extracted from homogenized pools.
Discussion and Conclusions
The first objective was to know which anopheline species
could be involved in malaria transmission in the main-
land coastal region of Equatorial Guinea inside of the
activities of the National Malaria Control Programme.
Although An. melas species has been described in Equato-
rial Guinea (Bioko island), data about its implication on
malaria transmission in the mainland region had not
been demonstrated. An. melas was identified as the major
Agarose gel showing the differentiation of the species involved in the gambiae compl x by PCRFigur  2
Agarose gel showing the differentiation of the species 
involved in the gambiae complex by PCR. All amplified frag-
ments resulted An. melas. Lines M and G correspond to the 
amplification of DNA from anopheline controls (An. melas: M 
and An. gambiae s.s.: G)
Fragments obtained from DNA amplification by PCRigur  3
Fragments obtained from DNA amplification by PCR. Lines 
with the mark (+) correspond to positive amplifications of P. 
falciparum parasites from salivary glands. The last fragments 
to the right correspond to positive and negative controls.
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anopheline species collected in the village studied by
using molecular markers and PCR technology.
The second objective was to evaluate the vectorial capacity
of An. melas in malaria transmission by using two meth-
ods, VecTest™ and PCR.
Akogbeto et al. studied An. melas infectivity rates for P. fal-
ciparum compared to the rates of An. gambiae s.s., but low
rates of infection were reported for An melas as compared
with An. gambiae s.s. [20]. In these reports, the authors
indicate that in areas where An. melas is the most abun-
dant species (80–90%), the sporozoitic index and antigen
CSP-falciparum rate are significantly lower for this species.
This was not corroborated in the present study because
similar rates of infections were found for An melas as com-
pared with the infection rates reported for An gambiae s.s.
in Equatorial Guinea [21] and other sub-Saharian coun-
tries, where both vectors cohabit.
The studies performed to evaluate the malaria sporozoite
antigen panel assay (MRP dipstick assay or VecTest™) for
detecting naturally infected mosquitoes show that it is an
optimal diagnostic method for use in malaria endemic
areas [13,14]. These surveys compared MRP dipstick assay
with another serological diagnostic probe (ELISA assay)
for detecting CSP antigen.
It is recognized that the number of sporozoites found in
individual mosquitoes can vary immensely in a naturally
infected vector population [22], but the MRP panel assay
demonstrated excellent sensitivity for detecting low levels
of sporozoite density (200–400 sporozoites) [23]. On the
other hand, soluble CSP can be found freely in the salivary
gland and haemolymph as a result of sporozoite libera-
tion from mature oocyst in the insect haemocoel [23,24].
As a result, both, sporozoites and CS antigen, can be
detected in mosquito thorax and other body parts,
although sporozoites are not present in the salivary glands
[22].
False positive results are expected in individual tests by
using serological tests such as MRP assay or ELISA and,
hence, an overestimate of infection rates. Low density
infection would not be detected, thus underestimating the
true sporozoite rate [23]. The MRP panel assay was com-
pared with a molecular diagnostic test able to detect P. fal-
ciparum sporozoite DNA in homogenized samples of
individual head-thorax. Amplified sporozoite-DNA by
PCR had an excellent sensitivity for the detection of a low
level of sporozoite density, useful for estimating entomo-
logical inoculation rates [21].
Although specificity of the VecTest™ is high, sensitivity of
the dipstick was low when compared with PCR (17.7%
and 14.3%, respectively in each series). In other studies,
where VecTest™ has been compared with other immuno-
logical assays, sensitivities varied 88% and 100% [14,23].
This fact could be attributed to the high sensitivity of PCR,
able, as it is, to detect as few as ten sporozoites in salivary
glands (0,2 pg/DNA parasite) [15], as compared with CS
antigen detection probes for which the minimum
detection rate was 200–400 sporozoites [23]. This differ-
ence suggests that the sporozoite index is conditioned by
the kind of assay employed. In the present study, the spo-
rozoite rate would be 3.27% when determined by MRP
assay and 16% when determined by PCR.
Table 1: Paired MRP dipstick assay and PCR comparison values used to derive sensitivity, specificity and predictive values of the dipstick 
test
Lot N° +PCR/+MRP -PCR/+MRP +PCR/-MRP -PCR/-MRP
Lot n° 10.001 3 0 14 82
Lot n° 070.102 3 1 18 94
Table 2: Comparison of the MRP assay and PCR using the same mosquito samples
Test series Mosquitoesa N° tests N° positiveb (%) Sensitivity Specificity PPVc PNVd
Serie A 99 99 3 17,7% 100% 100,0% 85,4%
Serie B 116 116 3 14,3% 99% 75,0% 83,9%
a Mosquitoes individually tested (pools not included) b Positive on both dipstick and PCR with % of samples reactive c Predictive positive value of 
the dipstick assay d Predictive negative value of the dipstick assay
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Therefore, this kind of immunological assay could under-
estimate the infectivity rate when working with individual
mosquitoes and may be improved by using pools
[9,10,13,14,23]. In contrast, the PCR assay was unable to
amplify P. falciparum DNA from pools, even when carry-
ing out successive dilutions. The presence of PCR inhibi-
tors in large pools of mosquitoes has been reported in
several studies [25]. Optimazing pool sizes before PCR
may solve this, but this is expensive and time-consuming.
Comparing PCR and Vec-Test Assay®, it was concluded
that: a) the PCR method proved to be a sensitive and use-
ful tool to determine malarial infection rates in mosqui-
toes in an area of stable and high malarial transmission
(Equatorial Guinea) and b) although other authors have
described An. melas in Bioko Island [21,26], this survey
suggests that An. melas could be playing the main role in
malaria transmission in coastal areas of the mainland
region of Equatorial Guinea.
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